We report studies of semileptonic decays, B → X c ν, based on a sample of 88 million BB events recorded with the BABAR detector. We have measured four moments of the electron energy and hadronic mass distributions and determined the inclusive branching fraction, the CKM matrix element |V cb |, and other heavy quark parameters, using Heavy Quark Expansions in the kinetic mass scheme. In addition, we have studied a large sample of B 0 → D * − + ν decays and extracted the decay form factors and |V cb |.
Introduction
The CKM matrix element V cb , the dominant coupling of the b quark to the charged weak current, is one of the fundamental parameters of the Standard Model. It determines the rate for b → c ν decays which at the parton level can be calculated accurately. This rate is proportional to |V cb | 2 and depends also on b and c quark masses.
Inclusive Measurements
To relate inclusive semileptonic B-meson decay rate to |V cb |, the parton-level calculations must be corrected for effects of strong interactions. Heavy-Quark Expansions (HQEs) [1] have become a powerful tool for calculating perturbative and non-perturbative QCD corrections and their uncertainties. We have chosen the kinetic-mass scheme [2, 3] 
, and ρ 3 LS (µ), the expectation values of the kinetic, chromomagnetic, Darwin, and spin-orbit operators, respectively. All these parameters depend on the scale µ separating short-distance from long-distance QCD effects.
We determine these HQE parameters from a fit to the moments of the hadronic-mass and electron-energy distributions in B → X c ν decays, averaged over charged and neutral B mesons. The moments are measured as functions of a lower limit on the lepton energy E cut .
The hadronic-mass distribution is measured in events tagged by the fully reconstructed hadronic decay of the second B meson [4] . The hadronic-mass moments are defined as M X n (E cut ) = m n X E >Ecut with n = 1,2,3,4. The electron-energy distribution is measured in events tagged by a high-momentum electron from the second B meson [5] . We define the first energy moment as M 1 (E cut ) = E E >Ecut and higher order moments as M n (E cut ) = (E − M 1 (E cut )) n E >Ecut with n = 2,3. We fit also the partial branching ratio
All measured moments and the results of the least-square fit are shown in Fig. 1 . The fit results (for the mass scale µ = 1 GeV) are the following:
Beyond the statistical, systematic and HQE uncertainties that are included in the fit, the limited knowledge of the expression for the decay rate, including various perturbative corrections and higher-order non-perturbative corrections, introduces an additional error on |V cb |, assessed to be 1.5% [3] and included in the stated HQE error. The fit results are fully compatible with independent estimates of µ 2 G = (0.35 ± 0.07) GeV 2 , based on the B * − B mass splitting [3] , and of ρ 3 LS = (−0.15 ± 0.10) GeV 3 , from heavy-quark sum rules [7] . represent a significant improvement over previous measurements [9] . To extract |V cb | from exclusive B 0 → D * − + ν decays we integrate over the three decay angles and perform a least-squares fit to the observed w distribution. For this analysis we use 53,700 decays, including electrons and muons and several decay modes of the D 0 meson. We rely on Heavy Quark Effective Theory (HQET) to relate the differential decays rate dΓ/dw to the product |V cb | · A 1 at w = 1. We have adopted the form factor parameterization [10] with
. By extrapolation to w = 1 we extract [11] 
Using the lattice calculations [12] of A 1 (1) = 0.919 ± 0.035 we obtain
Integrating over the fitted w distribution we obtain:
The dominant systematic error is due to the uncertainty in R 1 and R 2 , for which we have used the earlier measurements by the CLEO Collaboration [9] , R 1 (1) = 1.18 ± 0.32 and R 2 (1) = 0.71 ± 0.21. These values will be replaced in the future by the more precise BABAR results.
Conclusions and Outlook
With a significantly larger data sample and recent improvements in the theoretical calculation the BABAR Collaboration has succeeded in reducing the statistical and systematic error in the determination of |V cb |. The extraction of |V cb | from exclusive decays still has sizable uncertainties. Currently the errors are dominated by the form factor uncertainties and theoretical estimation of the decay rate at zero recoil. We expect further improvement of experimental and theoretical accuracy in the near future.
